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1. Introduction

4. Stable Isotope Geochemistry and C Results
14

δ13C and δ18O
Stromatolites are laminated accretionary structures that form mainly from cyanobacteria colonization in subaqueous environments and comprise mostly calcium
carbonate (CaCO3). These microbes tend to alter the water conditions around them
and promote CaCO3 precipitation. Stromatolites can be found throughout the rock
record (Archean-present day), though modern stromatolites are now restricted to
areas that have few or no grazing animals, such as the hypersaline Great Salt Lake
in northern Utah, USA.
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Figure 1.
Field photograph of microbialites growing
near Buffalo Point in Antelope Island
State Park, Utah. The recent decrease in
lake level to ~4,190 ft has exposed these
mats which are usually underwater.
These mats are about 1 meter wide.
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Figure 2.
A) Locality map of project area on the northwestern shore of Antelope Island, near Buffalo Point
(illustrated by the red star).
•
B) Historic lake levels since 1980 for the Great
Salt Lake. Note that the lake has been on a
steady decline for the past ~20 years. If SD-1-01
was growing during this period, one would expect
δ18O to become increasingly more positive. Modi- •
fied from Gilles et al. (2015).

One stromatolite dome, SD-1-01,
was procured along the shores of
the GSL near Buffalo Point within
Antelope Island State Park
SD-1-01 was sampled at the
air-water interface when the lake
level was approximately 4,192 ft
above sea-level, near a historic
low
Microbial activity was evident on
SD-1-01 when sampled
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The Great Salt Lake, a remnant of
Lake Bonneville, has been in a
steady regressional period for
the past twenty years (Figure 2B)
This lowering of lake level has exposed many stromatolites and
other microbialites on the shores
of the GSL, thus allowing for
easy sample procurement
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2. Project Area
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GSL sediment core, recent,
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GSL sediment core, late Pleistocene
Spencer et al., 1984
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Obtain carbon and oxygen isotope ratios (δ13C and δ18O) from a transect
through a columnar stromatolite. These stromatolites act as bookkeepers of
change; they can reveal past changes in lakewater chemistry and changes in
basin hydrology.
Constrain the timing of stromatolite formation via radiocarbon dating. These
temporal constraints allow us to assign age significance to isotopic trends.
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Stromatolites and other lacustrine carbonates keep a record of their depositional
environment through their isotopic signature. These stable isotope curves can
reveal past changes in the lake environment in terms of its hydrologic setting and
water chemistry.
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the rim of the stromatolite, suggesting changes in primary production and nitrogen cycling througout the lake. 14C analysis yielded dates ranging from 6.7 to 10.7 ka, which is
much older than what we expected. This suggests that the active microbial community found on the stromatolite at the time of sampling was growing on a older, ‘fossil’ stromatolite. This also indicates that CaCO3 precipitation does not always follow microbial activity. In other words, other factors including dissolved inorganic carbonate, pH, and temperature can control CaCO3 precipitation.

5. Key Findings
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Figure 5.
A) Plot illustrating the covariant trends observed within the
Great Salt Lake. Ideally, our trend from this study would lie
within the same trend defined by Spencer et al. (1984) and
McKenzie et al. (1985). Talbot (1990) suggests that a trend
with a steeper slope may be indicative of a smaller surface
area to depth ratio.
B) Plot of stable isotope geochemistry of current GSL lakewater near project area. The lakewater plots well below the
Global Meteoric Water Line (Craig, 1961), which is indicative
of water from a closed basin.

6. Broader Implications

δ13C and δ18O values obtained from the transect of
SD-1-01 reveal a strong covariant trend (R2 = 0.77)
o This trend is indicative of a hydrologically-closed
basin (Talbot, 1990).
o Relatively high δ13C and δ18O values are interpreted
as dry periods
o Relatively low δ13C and δ18O values are interpreted
as wet periods
Stromatolite SD-1-01 is older than we previously thought
o 14C dates range from 6.7 to 10.7 ka
o The microbial community present at time of sampling
was living on a ‘fossil’ stromatolite
o Microbial activity doesn’t always equal CaCO3 precipitation
14
C dates from domains 1a, 1b, and 2 are anomalous in
that they do not decrease in age with increasing distance from the center of the stromatolite
o Probably due to the incorporation of dead, 14Cdepleted material
o Must be considered as maximum deposition ages
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Figure 4.
Results from the transect of SD-1-01. The left side of the plot includes data acquired from the bulk carbonate material drilled from the stromatolite. 18 locations along the transect were sampled
for δ13C and δ18O values, as represented by the colored circles. The δ13Ccarb and δ18Ocarb values covary and fluctuate considerably; with δ13Ccarb ranging from 0.97 to 6.64 ‰ PDB
and δ18Ocarb ranging from -4.33 to -1.19 ‰ PDB. The right side of the plot includes data acquired from the organic fraction of the stromatolite. Because total organic carbon (TOC) values were
low (<<1%), more material was needed for these analyses, so only four samples were acquired (which resulted in a poorer spatial resolution). The intervals of stromatolite that were sampled for
these four samples is represented by the colored rectangles. δ13Corg values are within the range that is expected of cyanobacteria. δ15Norg values become increasingly positive toward

3. Sample SD-1-01
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Figure 6.
Schematic illustrating the major fluctuations of Lake Bonneville over the
past 25 kyr. For reference, the GSL surface elevation is around 4,190
ft. The blue area brackets the probable period of stromatolite growth,
taking into account uncertainties regarding the reservoir effect and considering analytical uncertainties of the radiocarbon calendar ages. Stromatolites tend to grow in shallow water less than 8 m. Given that the
stromatolite was sampled at an elevation of 4,192 ft, it is likely that the
growth periods correlate with times of relatively low lake levels shown in
the figure (i.e., lake levels <~4,220 ft). Modified from Oviatt (1997).

This isotope work on stromatolites can compliment other lake paleohydrological and paleoclimatological records, such as lake cores and
tree ring studies
o

•

The magnitude of GSL’s reservoir effect warrants more study;
we can constrain this by other dating techniques (e.g., U-series,
OSL)
SD-1-01 illustrates how variable stromatolite growth periods
can be
Changes in lake chemistry to non-favorable conditions can shut
down stromatolite growth (e.g., changes in pH, salinity)

Sediment cores and dendrochronology have been used to tie
lake levels to the Pacific Decadal Oscillaition (e.g., Gilles et al.,
2015; Wang et al., 2015); stromatolite work may be able to
augment these proxies

Understanding extant stromatolites is important for understanding
early life on Earth, with implications for life elsewhere in the Solar
System; understanding their isotopic composition helps us understand
their biosignatures in the rock record.
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Domain 1 makes up the porous core of the stromatolite. This domain was split into part A and B for radiocarbon analysis. Domain 2 is defined as the dense,
finely-laminated portion of the stromatolite. Domain 3 is the outer rind of the stromatolite that is composed of amalgamated, ooilitic-like CaCO3 grains and a
large concenetration of evaporative salts.
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